A new technique combining active and passive remote sensing instruments for the estimation of surface latent heat flux over the ocean is presented. This synergistic method utilizes aerosol lidar backscatter data, multi-channel infrared radiometer data and microwave scatterometer data acquired onboard the NASA P-3B research aircraft during an extended field campaign over the Atlantic ocean in support of the Lidar In-space Technology Experiment (LITE) in September of 1994. The 10 meter wind speed derived from the scatterometers and the lidar-radiometer inferred near-surface moisture are used to obtain an estimate of the surface flux of moisture via bulk aerodynamic formulae. The results are compared with the Special Sensor Microwave Imager (SSMIJ) daily average latent heat flux and show reasonable agreement. However, the SSM/I values are biased high by about 30 W/m2. In addition, the MABL height, entrainment zone thickness and integrated lidar backscatter intensity are computed from the lidar data and compared with the magnitude of the surface fluxes. The results show that the surface latent heat flux is most strongly correlated with entrainment zone top, bottom and the integrated MABL lidar backscatter, with corresponding correlation coefficients of 0.62, 0.67 and 0.61, respectively.
INTRODUCTION
The flux of water vapor over the global oceans has important implications for a wide range of geophysical processes. Due to the low albedo of the seas'and their large aerial extent, the global oceans absorb a large fraction of the solar radiation reaching the surface of the Earth. This energy is stored as heat and is ultimately released to the atmosphere mainly through evaporation. The subsequent latent heat released by condensation is a primary driving force of atmospheric circulation and tropical storm formation. The flux of water vapor from the sea is extremely important to both meteorology and oceanography. It has a large influence on sea surface temperature and is needed to couple atmospheric and oceanic circulation models that are used to forecast weather and climate (Zhang'). Until very recently, it has been impossible to accurately monitor latent heat flux over the ocean because of the scarcity of data. With the advent of orbiting remote sensing platforms such as SSMII, AVHRR and ERS-l, the capability now exists to routinely estimate the fluxes of heat, moisture and momentum over the global oceans (Liu2; Chou3). In this paper we explore a potential technique to retrieve water vapor flux over the ocean using a combination of airborne lidar, microwave scatterometer and infrared radiometer data which may someday provide surface moisture flux estimates from orbiting satellites. Section 2 will describe the instrumentation and measurements which are used in section 3 to derive the latent heat flux. Section 4 presents a correlation analysis between lidar derived MABL parameters and the latent flux, with summary and conclusions given in section 5.
MEASUREMENTS
Airborne atmospheric backscatter lidar measurements were made in conjunction with the scanning radar measurements of surface winds, and infrared radiometer sea surface temperature measurements while participating in the Lidar In-space Technology Experiment (LITE) airborne correlative measurements program during the LITE mission, September 1 1 through September 19, 1994 (McCormick4) . LITE, which was flown aboard the shuttle Discovery, was the first atmospheric lidar to operate in space. As part of the LITE airborne correlative measurements program, the NASA P-3B was outfitted with numerous instruments and flight lines were laid out to correlate with specific overpasses of the shuttle, as shown in Figure 1 . All of the flights were over the open Atlantic Ocean with a few tracks nearing the coasts of South America and Africa. All 5 tracks were made during the nighttime hours. A description of the instrumentation flown aboard the NASA P-3B is presented below. 
Instrumentation

LASAL
Amospheric backscatter profiles were acquired by the Large Aperture Scanning Airborne Lidar (LASAL), (Palm et a15) . LASAL is an elastic backscatter lidar with a 450 nil, 50 Hz Nd:YAG laser transmitter and a 55 cm aperture telescope in conjunction with a full aperture scan mirror to measure atmospheric aerosol and cloud backscatter in 3 dimensions, and is particularly suited for the study of the planetary boundary layer (PBL). Mounted in the bomb bay of NASA's P-3B research aircraft, it is capable of cross track scanning at scan rates up to 90°/sec and up to approximately 40 degrees fore of nadir along the flight track. The laser, data system and real-time display are housed in the passenger section of the aircraft. Measurements are made of attenuated aerosol backscatter cross section from the height of the plane to the surface. During the LITE flights, LASAL was operated in across-track scanning mode (9/11 and 9/17) and in nadir-only pointing mode (9/13, 9/15 and 9/19). Algorithms have been designed to retrieve the PBL height and entrainment zone depth from the backscattered return, as well as visualize the structure and organization of convection within the planetary boundary layer (PBL). Details of the technique used to derive PBL height from lidar backscatter signals can be found in Palm et al6 and Melfi et al7. Further methods have been developed to estimate the lifting condensation level from the cloud base height derived from the lidar backscatter data. Combining these data with the SST we can calculate the near-surface mixing ratio, which is a crucial component of the surface moisture flux. A description of the retrieval technique and an example of recent results are presented in section 2.2.
ROWS
The Radar Ocean Wave Spectrometer (ROWS) is a conical scanning Ku-band radar that records directional long and short wave information, from which are derived 10 meter wind vectors. ROWS is an azimuth scanning radar system designed to support satellite remote sensing with active microwave sensors. The system provides a field-tested method for estimating surface wind speed and 2-D ocean long wave spectra with the extensive spatial coverage unique to an aircraft sensor. ROWS has participated in numerous air/sea interaction field experiments including MASEX, SIR-B, FASINEX, LEWEX, SWADE, the ERS-1 SAR Wave experiment, and LITE. Research topics addressed using airborne ROWS data include the retrieval of directional long-wave spectra (DWS) from both airborne and satellite platforms, the integration of long wave spectral estimates into air/sea interaction models, and the study of surface wind speed retrieval algorithms. Operationally, ROWS switches at a constant rate between an off-nadir 'spectrometer-mode' antenna and a nadir pointing 'altimeter-mode' antenna (Vandemark8). The two modes allow simultaneous measurement of altimeter data along with the long wave information. The ROWS data products available for a given flight leg are: a) directional long wave spectra b) relative radar cross-section (RCS) versus azimuth versus 10-1 80 elevation c) altimeter-derived RCS versus 0-120 elevation (nondirectional in azimuth) d) altimeter-derived sea surface significant wave height (SWH) e) estimation of surface wind speed from altimeter-derived mean-square-slope
The nominal along-track spacing of estimates is 20 km for a and 2 km for b-e.
University of Massachusetts CSCAT and KUSCAT
CSCAT and KUSCAT are vertically polarized pencil beam airborne scatterometers at C-band and Ku-band, respectively, which were developed by the Microwave Remote Sensing Laboratory (MIRSL) at the University of Massachusetts with support of NASA over the last decade. These scatterometers provide a field-tested method for measuring the full azimuthal normalized radar cross section (NRCS) of the ocean surface. From the NRCS measurement the near surface wind vector can be estimated. These instruments have participated in several field campaigns, the most recent ones being Tropical Ocean Global Atmosphere Couple Ocean-Atmosphere Response Experiment (TOGA COARE), Lidar in Space Technology Experiment (LITE), and Hurricane Tina.
Both instruments utilize microstrip-phased arrays to frequency scan their pencil beam from 20 degrees to 50 degrees incidence. These antennas are a frequency scaled version of each other, and therefore their patterns are almost identical. A central VXI-based data acquisition/digital control unit has been designed by MIRSL to run one or both instruments simultaneously. During operation, the antennas are rotated in azimuth at 1 20 rpm and the incidence angle of each scatterometer is switched sequentially between the four incidence angles at a pulse repetition frequency that results in the maximum number of independent data samples, at all four incidence angles simultaneously, as the aircraft is following its flight line. Hence, the system can provide the full azimuthal NRCS response at two frequencies and four incidence angles (20, 30, 40 and 50 degrees) every 1/2 second. Using the SASSII and CMOD4 models the near surface wind vector can be estimated from the NRCS response. Statistically stable averages are available every sixteen seconds. MIRSL data products available for a given flight leg are: a) Simultaneous C-and Ku-band full-azimuthal normalized radar cross section (NRCS) measurements at 4 incidence angles b) Near surface wind vector estimates with an eight level redundancy
Sea Surface Temperature Radiometer
The details of the NASA/JPL Sea Surface Temperature Radiometer (SSTR) are described in Palm et a16 and will not be discussed here. The SSTR is a multispectral, infrared radiometer which operates in the down-looking mode. The upwelling radiance detected by the instrument is corrected for water vapor using a regression technique similar to Prabhakara9. The derived SST accuracy is on the order of 0.2 C. The SSTR measurements were used to provide an estimate of the 10 meter air temperature for the retrieval of near-surface moisture as discussed in section 2.2.2. They are also used to calculate the surface saturation mixing ratio for use in latent heat flux calculation (see section 3).
National Center for Atmospheric Research (NCAR) dropsondes
Dropsondes were released at approximately two hour intervals and are indicated by the '+' signs in Figure 1 . Using in-situ sensors, the dropsondes recorded vertical profiles of temperature, dew point, pressure, and wind speed. The vertical resolution of the dropsondes is 2 meters for temperature and moisture and about 50 meters for wind speed and direction. These data were used to compare and validate the LASAL-SSTR retrievals of 10 meter moisture. A more detailed description of the dropsondes can be found in Palm et a16.
LASAL Derived Measurements
Near surface moisture
A technique was developed by Palm et al6 to retrieve near-surface moisture over the ocean using a combination of lidar backscatter data and radiometric SST data. The method uses the statistical distribution of boundary layer cloud top height in a 50 km long segment to estimate the cloud base height. The cloud top height is obtained directly from the lidar backscatter signal strength using a gradient detection method. The top of a cloud is associated with a large increase in backscattered return and the presence of a cloud is determined by a much reduced (less than half the normal) surface return signal, due to the large attenuation of the laser beam by cumulus clouds. Cloud base height (for convective clouds) provides a good estimate of the height of the Lifting Condensation Level (LCL) (Stull and Eloranta'°). If the near-surface air temperature is also known (in addition to the height of the LCL), the near surface moisture can be calculated assuming that the air within the layer from the surface to the LCL is well mixed. The near-surface air temperature is estimated from the SST measurements. We assume that the near-surface air temperature is 0.8 C less than the radiometric sea surface temperature as measured by the SSTR. Details of the method can be obtained in Palm et al6. Figure 2 is a plot of the near surface moisture (mixing ratio (q) at 10 meter altitude) as obtained by this retrieval method versus the observed near-surface moisture as measured by collocated dropsonde. The mis error is about 0.8 g/kg with negligible bias. The results indicate that the moisture retrieval technique works over a relatively large range of surface moisture and provides an accuracy which is comparable to the methods currently in use employing SSMII microwave radiances.
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Figure 2. The near-surface (10 meter) moisture obtained via the LASAL-radiometer retrieval method described in section 2.2.1 (.) and the SSMII 10 meter moisture (x) compared to dropsonde measurements at the same location and time.
MABL structure measurements
After the raw lidar data is range corrected and normalized by the laser energy it is horizontally averaged according to the acquisition mode. For the days where only nadir pointing data was collected, the data are averaged to a 1 second temporal resolution which yields a horizontal resolution of about 120 meters. For the data acquired in the across-track scan mode, the nadir shots are stripped from the scan sequence and two are averaged producing a horizontal resolution of about 350 meters. The instantaneous boundary layer height (h) is found for each averaged lidar profile using a gradient detection algorithm. The entrainment zone depth is calculated directly from the MABL heights using 50 km long segments centered on the dropsonde points by finding that height where 95 percent of the heights are below that height (h1 -entrainment zone top) and that height where 95 percent of the heights are above (h0 -entrainment zone bottom). The entrainment zone depth is defined as Ah =h1 -h0. This definition of the entrainment zone is similar to that used by Deardorff et a!11 and Melfi7. The average boundary layer height for the segment ( ii ) is calculated as the height where 50 percent of the MABL heights are above and 50 percent below. Figure 3 shows an example of the instantaneous MABL height (h), the entrainment zone top (h1) and bottom (h0) and the average MABL height ( ii ) for a typical 50 km long segment of data. Also shown on the plot is the standard deviation of j; (cr). The integrated backscatter signal through the depth of the boundary layer (S1) is defined as the average integrated backscatter signal from the MABL top to just above the surface averaged over the entire segment (not shown).
Sept. There are reasons to believe that MABL height, entrainment zone depth, variance of the MABL top and possibly the integrated backscatter are related to the magnitude of the surface flux. These and other parameters have been calculated from the LASAL backscatter data at the locations of the dropsonde launches based on 40 to 60 km long data segments. The resulting values as well as the P-3B and SSMII latent heat fluxes (W/m2) are summarized in Table 1 . In section 4, we will investigate the relationship of Ah, , S1 , and the standard deviation of h measured at the 16 dropsonde locations shown in Figure 1 to the derived surface latent heat flux computed in the next section.
FLUX COMPUTATION
In this section we combine the microwave scatterometer surface wind measurements and the LASAL-SSTR derived near surface moisture measurements to obtain estimates of latent heat flux for the I 6 dropsonde points shown in Figure 1 .The latent fluxes are then compared to the SSM/I daily fluxes interpolated to the same location. The ROWS wind speed is used in the computation of the fluxes except for 3 points where ROWS data were not available, in which case the UMASS winds (KUSCAT) are used instead. The ROWS measurement has a horizontal resolution of about 1 km and about 40 km of wind data, centered on the dropsonde location, is averaged to obtain the wind speed magnitude used in the bulk flux computation.
The only way to obtain a direct measurement of the turbulent fluxes of sensible heat and moisture is to measure the fluctuating quantities of temperature, moisture and wind for a considerable length of time (eddy correlation method). Since it is generally very difficult to obtain the necessary data, the turbulent fluxes are usually estimated using the bulk aerodynamic formulae, which relate the surface fluxes to gradients of wind (U), moisture (q) and temperature (9) as follows:
where H and E are the sensible and latent surface heat flux, respectively, p and C are the density and specific heat of dry air, respectively, L the latent heat of vaporization, and CH and CE are the transfer coefficients for heat and moisture, respectively. The reference height (z) is generally taken to be 10 meters, and the subscript (s) refers to the value of the variables at the sea surface. The wind at the surface (Us) is taken to be zero and the moisture at the surface (q) is assumedto be the saturated value at the sea surface temperature. The transfer coefficients are a function of reference height, wind speed and atmospheric stability. Most of the difference among the various implementations of the bulk aerodynamic equations, is in the formulation of the transfer coefficients. Blanc12 reported that the average difference in transfer coefficients used in the ten bulk schemes he tested was 15-30 percent. Blanc's results indicated a need to test various formulations of the transfer coefficients against simultaneous direct measurements of the turbulent flux by eddy correlation. Chou'3 compared four bulk schemes to a direct measurement of the flux by eddy correlation using airborne gustprobe measurements during the Mesoscale Air-Sea Exchange (MASEX) experiment. They found that on average, the bulk schemes agreed well with the eddy correlation method, but that the algorithm based on the flux profile relations of Francey and Garratt'4 agreed best with the eddy correlation method.
Recently, methods have been developed (Chou et al3"5) to compute global fluxes over the oceans using the near surface moisture and wind retrievals from the Special Sensor Microwave Imager (SSM/I). The fluxes of heat, moisture, and momentum based on SSMII data have been computed for a multi-year time period. This data set provides the only measurement of surface flux available over the oceans and is probably much better than could be computed from standard meteorological analysis such as the gridded ECMWF moisture, temperature and wind fields. The SSMII fluxes are computed using the stability-dependent FG (Francey and Garratt) bulk scheme of Chou13. For the computation of bulk fluxes from the P-3B data in this paper, we have chosen to use the Chou algorithm (to be consistent with the method used to produce the SSMII fluxes, with which the P-3B fluxes will be compared) and an algorithm designed for use in the Tropical Ocean-Global Atmosphere Coupled Ocean-Atmosphere Experiment (TOGA-COARE) (Fairall et al'6) .
Using the 10 meter wind speed retrievals of the microwave scatterometers and the lidar-radiometer retrieval of near surface moisture, we can compute the latent heat flux at the 16 dropsonde points shown in Figure 1 . Further, as a check on their validity, the P-3B derived latent heat fluxes are compared with the SSMII values. Figure 4 shows the P-3B latent heat flux (W1m2) computed from the Fairall algorithm (4a) and the Chou algorithm (4b) plotted against the SSMII daily average value. The numbers on the plots refer to the location of the retrieval as shown in Figure 1 (the flux computations are done at the 16 dropsonde points). The SSMII latent heat flux for a given P-3B location is obtained from the gridded The SSM/I data are from two separate satellites (FlO and Fl 1) and the x axis is an average of the FlO and Fl 1 data. With the exception of a few outlying points (namely 6, 7 and 10), the latent heat flux computed from the combined lidar, radiometer and scatterometer data agrees fairly well with the SSMII values. In general, the Chou bulk algorithm produces fluxes which are about 10 percent larger than the Fairall algorithm. This is due to inherent differences in the formulation of the transfer coefficients within the two algorithms. The bias (SSMII -P-3B) is 34.5 for the Fairall algorithm and 24.4 for the Chou method. The rms difference is essentially independent of the algorithm used to compute the flux, with a value of about 50 Wi m2. A large portion of this variance is contained in the outlying points (6,7 and 10) . If these points are eliminated, the rms difference drops to about 30 Wim2
As noted above, the largest discrepancies in flux are seen at points 6, 7 and 10. From equation ib, we see that differences in latent heat flux arise from either the 10 meter wind speed or from differences in the values of the near-surface moisture gradient. Referring to Figure 2 , it can be seen that the 10 meter moisture retrieved from SSMII agrees very well with the LASAL-radiometer retrieval. Further, the value of the saturated mixing ratio (q) used in equation lb is determined solely by the sea surface temperature. The surface saturated mixing ratio used in the SSMI.E latent heat flux calculation is based on the NCEP (National Center for Environmental Prediction) weekly SST analysis. The surface saturated mixing ratio used for the P-3B latent heat flux estimate is based on the SSTR measured sea surface temperature. From the comparison shown in Figure 5 , it is seen that the NCEP sea surface temperature agrees very well with the SSTR measured value for the dropsonde locations. These facts suggest that there should be little difference in the low-level moisture gradient (qs q10) at those points and we conclude that wind speed differences are the main reason for the large difference in flux at points 6, 7 and 10. In Figure 6 , we have plotted the SSMII 10 meter wind speed versus the 10 meter wind speed retrieved from the microwave scatterometers onboard the NASA P-3B aircraft. Note that the SSMIE wind speed for points 1, 6, 7 and especially 10 are considerably greater than those measured by the P-3B scatterometers. The much higher wind speed is the primary reason for the larger SSMII latent flux for these points. It is not surprising that some of the SSMII wind speeds are quite different from the P-3B measured winds since they represent a daily average over a 2.0 by 2.5 degree area. The P-3B measurement is a 50km average of the wind centered at the dropsonde point and obtained at a time which may be considerably different than the time of the SSMII measurement. Of the 3 variables that determine surface latent flux (SST, wind speed and 10 meter moisture), the wind field is likely to be the most variable, both temporally and spatially. It is therefore not surprising to see quite a bit of difference in the wind comparison, which directly contributes to the differences seen in the latent heat flux comparisons. 
CORRELATION OF MABLSTRUCTURE WITH SURFACE LATENT HEAT FLUX
In this section we investigate the possible links between surface latent heat flux and the structure and height of the MABL as detected by lidar. The height of a convectively driven boundary layer is controlled by the magnitude of the surface flux, the entrainment rate, and the synoptic scale vertical motion field. The equation governing the total rate of change of boundary layer depth (h) with time is: dh --=w +w (2) dt Where we is the entrainment rate and w is the large scale vertical motion. The entrainment rate can be expressed as: AF w= Rs Ah/h0 3(We /w)"2 = 3(AREI(AGw))112 (5) Where w = (ghE I G)' is a turbulent vertical velocity scale which is a function of the average MABL height ( ), the surface latent heat flux (E), and the average potential temperature through the depth of the MABL ( ). Equation 5 indicates that the latent flux at the surface is proportional to the normalized entrainment zone depth.
We used the P-3B latent heat flux data computed in section 3 at the locations of the 16 dropsonde launches to investigate the possibility of correlation between the surface flux and the lidar-derived boundary layer parameters discussed above. It should be noted that in the following discussion the effect of iO -that is the strength of the capping inversion at the MABL top -has been neglected. It will in practice have a large effect on entrainment zone depth and MABL growth rate for a given surface flux. The same is true for the average large scale vertical velocity ( w ). While these data are available or could be estimated from ECMWF analysis, they will not be used here and we assume a constant temperature jump at the MABL top and a zero large scale vertical velocity. In Figure 7 we present plots of the latent heat flux as derived from the P-3B retrievals versus (a) average MABL height ( ), (b) entrainment zone depth (Mi), (c) average MABL backscatter signal normalized by average MABL height (S1 I) and (d) entrainment zone bottom (h0). The highest correlation of surface latent heat flux is seen to exist for normalized integrated MABL backscatter (S liz) and entrainment zone bottom (h0). The correlation coefficient (r) for the latter is the highest at 0.67. This somewhat surprising result means that the normalized entrainment zone depth (zth/h0) is not well correlated with the surface flux and is in fact negatively correlated (r = -0.16). The conclusion being that equation 5 does not at all describe the behavior of these data or that i9and w* are very important and cannot be neglected. The average MABL height, entrainment zone top and the standard deviation of the MABL top are also well correlated with the latent flux as can be seen from Table 2 , which summarizes the correlation of both the P-3B and SSMII surface latent heat flux with various MABL structure variables. S1 is the average integrated lidar backscatter for the segment (40 -60 km) and S1/ A very interesting result is obtained if the boundary layer parameters discussed above are correlated with the SSMI.E latent heat flux instead of the P-3B derived flux. The relatively high correlation which existed between the MABL structure and the flux are greatly diminished. If one accepts the idea that the magnitude of the surface flux is related to boundary layer height, entrainmment zone depth or integrated backscatter, then one is led to conclude that the P-3B derived fluxes are a more accurate estimate of the actual latent flux than are the SSMII derived fluxes. This observation is very interesting in light of the fact that the P-3B estimation of the flux is independent of the lidar derived MABL characteristics. While this may not be initially apparent, the independence can be demonstrated by correlating the P-3B wind speed and the lidar derived LCL with the same MABL parameters. From the fourth column of Table 2 , it is evident that the wind speed is highly correlated with the various MABL parameters, and essentially mimics the correlation pattern observed for the P-3B derived heat flux (as is expected). The lidar derived LCL, however, does not show these high correlations (5thcolumn of Table 2 ). Thus it is mainly the wind speed which is driving the high correlation observed between the P-3B surface latent heat flux and the MABL parameters and not anything inherent in the fact that the lidar data were used to estimate LCL and ultimately qs. 
SUMMARY AND CONCLUSIONS
We have demonstrated a way to obtain surface latent heat flux over the ocean using the combined measurements of airborne lidar, radiometer and microwave scatterometer. The lidar and radiometer data are used to derive an estimate of the 1 0 meter atmospheric moisture and the scatterometer retrieves the 10 meter wind speed. Two bulk aerodynamic algorithms were then utilized to obtain the latent heat flux. The bulk formulation used by Chou et a13 produced fluxes which were larger than the TOGA COARE algorithm by about 10 percent. The P-3B fluxes were computed for 16 points scattered over the tropical and sub-tropical Atlantic ocean and compared with the SSMII daily average latent heat flux interpolated from a 2.0 x 2.5 degree grid to the same location. Results showed a positive bias (SSMII -P-3B) of about 30 W/m2 and an rms difference of about 50 W/m2. The later is in good agreement with the results of Jourdan and Gautier19 who compared in situ estimation of latent flux based on ship reports with SSMII derived fluxes.
The LASAL data were used to compute instantaneous MABL height for 40 -60 km long segments centered on the dropsonde points shown in Figure 1 . From the MABL height data, other MABL parameters were computed such as average MABL height ( h ), entrainment zone top (h1), bottom (h0) and depth (zh), normalized entrainment zone depth (zTh /h) and normalized integrated backscatter signal within the MABL (S1 I h ). These parameters were then correlated with the surface latent heat flux to determine which, if any, had the highest relationship to the latent flux. Boundary layer theory suggested that , and Eh fh should be related to the magnitude of the surface flux. We found that h, h1 and S /h were most highly correlated with the surface latent heat flux, with values of the correlation coefficient of 0.67, 0.62 and 0.61, respectively. Surprisingly, we found no correlation between normalized entrainment zone depth and latent heat flux because of the large positive correlation between h0 and the latent flux. Further, we found that these correlations dropped significantly if they were computed using the SSMII derived latent heat flux which suggests that the P-3B derived fluxes may be closer to the actual flux values than the SSMII values. This is not surpising considering that the SSMII fluxes have a much courser spatial resolution and represent a daily average over the 2.0 x 2.5 degree grid box. The P-3B flux estimate, on the other hand is obtained from data which takes about 8 minutes to gather through a 50 km long cross section of the atmosphere and is of course exactly collocated with the lidar measurements of MABL parameters.
In future work we will include the effects of the temperature jump at the top of the MABL and the large scale vertical velocity in the analysis to determine their effect on the correlation of the surface latent heat flux with MABL height and especially normalized entrainment zone depth. We also want to compute the latent heat flux at many more points along the P-3B flight lines to bolster the significance of the correlation analysis. The ultimate goal is to find a relationship between easily measured MABL parameters (such as those described in section 4) and the latent flux so that the later can be inferred from lidar measurements of MABL characteristics.
